We construct a counterexample to refute the following conjecture by I. N. Herstein: Is every minimal prime ideal of a semiprime ring invariant under any derivation of this ring?
The primary objective of this note is to refute the conjecture in general. However, the motivation behind this conjecture is to be able to reduce questions regarding derivations in semiprime rings to questions about prime rings and thus the real concern about a given semiprime ring is whether the intersection of the minimal prime ideals invariant under a given derivation is 0 or not. This problem is also due to I. N. Herstein and was listed as the second open question in [9] . In the counterexample constructed here, there is only one minimal prime ideal that is not invariant under a derivation and the intersection of all the minimal prime ideals invariant under this given derivation is still 0. Thus it remains open as to whether the intersection of all the minimal prime ideals invariant under a given derivation is always 0 or not.
Before proceeding to the construction of our counterexample, it might be interesting to review some positive partial results of the conjecture. There are mainly two directions; one is by restricting the characteristic and the other is by restricting the nilpotency index. For the direction of restricting the characteristic, Krempa [7] proved that any minimal prime ideals of a semiprime algebra over a field of characteristic 0 are always invariant under derivations. Actually, a much better result in this direction is contained in Propositions 1.1 and 1.3 of [5] . Specifically, the following are shown in [5] :
( 1 ) If P isa minimal prime ideal of a ring R such that R/P has characteristic 0, then P is invariant under any derivations of R.
(2) Let N be the prime radical oí R. If either R or R/N is torsionfree, then all minimal prime ideals of R are invariant under any derivations of R. Note ihat the rings R in (1) and (2) above are not assumed to be semiprime. For the direction of restricting nilpotency index, the second paragraph of the proof of Theorem B of [8] proves the conjecture for commutative semiprime rings. (Observe that the assumption there on the characteristic is not needed for the invariance of minimal prime ideals under derivations.) It is obvious that a commutative ring is semiprime if and only if it does not have nonzero nilpotent elements. Using essentially the same argument, we can prove the conjecture for any rings without nonzero nilpotent elements. Namely, we can show that any minimal prime ideals of a ring without nonzero nilpotent elements must be invariant under any derivations of the ring. The proof is as follows: For a ring R without nonzero nilpotent elements, the following two facts are well known: ( 1 ) A prime ideal P of R is a minimal prime ideal of R if and only if R\P is a maximal multiplicatively closed subset not containing 0. (2) A nonzero element a e R is in a given minimal prime ideal P of R if and only if am = ma = 0 for some m e R\P.
(See, e.g., [1] or [6, Theorem 1.1.1, p. 4].) Now let P be a minimal prime ideal of R, and let a be any element of P. Then am -ma -0 for some m e R\P. For any given derivation ô of R, 0 = S(am) = ô(a)m + aô(m). Multiplying the identity ô{a)m + aô(m) = 0 by 3{a)m on the left-hand side and using the identity ma = 0, we have (ô(a)m) = 0. Since R does not have nonzero nilpotent elements, ô(a)m = 0. Similarly, we can show mâ(a) = 0. By the fact (2) cited above, ö{a) e P. We have thus shown â(P) Q P as desired.
A ring R is said to be of bounded index m , if m is the least positive integer such that xm = 0 for all nilpotent elements x e R. A ring without nonzero nilpotent elements is merely a ring of bounded index 1. Viewing the result above, it seems natural to ask whether the conjecture still holds for rings of bounded index. Unfortunately, this is false as our example shows. Actually, the following theorem due to Beidar and Mikhalëv ( [2] or [3, Theorem 8.16]), which generalizes all the above-mentioned results is the best positive result known to the authors: Theorem (Beidar and Mikhalëv). Let R be a ring of bounded index m suchthat the additive order of every torsion element of R, if any, is strictly larger than m . Then all minimal prime ideals of R are invariant under any derivations of R. Now let us construct our desired counterexample:
Counterexample. For any prime p > 0, there exists a semiprime ring R of characteristic p, which satisfies the standard polynomial identity of degree 2p, such that a minimal prime ideal P of R is not invariant under a derivation ô of R. 
